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INTRODUCTION 


In certain groups of Heteroptera the alimentary canal 
is characterized by the presence of peculiar sac-like append- 


ages which open into the mid intestine at its extreme posterior 


end. These structures vary greatly in form and in degree of 


development in the different families in which they occur, 
but all have essentially the same histological structure and 
all agree in the fact that they invariably contain great 
masses Of bacteria, apparently in pure culture, which are 
morphologically characteristic for the families and often 
for the genera in which they occur. 

These structures were noted as early as 1809 by 
Treviranus in a pentatomid, Pentatoma rufipes (Cimex rufipes), 
and again in 1811 by Ramdohr in Pyrrhocoris apterus as well 
as in representatives of the Pentatomidae, and they were 
subsequently observed and studied by numerous other inves- 
tigators, notably by Dufour in 1833. It was not until about 
1888, however, that Professor S. A. Forbes, in the course of 
an elaborate series of investigations on the contagious 
diseases of insects, discovered the remarkable association 
existing between certain Heteroptera and the bacteria which 
he found uniformly inhabiting the so-called caecal glands. 
Leydig had previously noted the presence of these organisms 


in the caecal appendages of a pentatomid in 1857, but he did 


aes nee 


ft 


epolecicies TO MIRO TS fa Of) 
- ht 


hd See 


Atk TSAR 


+) WY ts eee ares pa g 


sophgmes .ttmosettieeea Bee 


o. “= 
d pbeibuce Bee beveneedG eee 


Yoer nt ss sett Yo (lo aOr, 


} 
Wort 


® eoner o At: te ee We 
A Un ; 

+ . ‘+ o3nh 2oee 
. Ta’ Or TOA e ad 


PDE RA cae ic cet ii 


Je 


ioe rT vag me r Soars wae vee if 


a 
ys 


Po) wg Jog oak OLS aS * 


hagon eee tee EOE : 
. 4 
‘tofhems yuo CPELD Fee 


\ tir “- Sx sav lta*Aeete 


6 YQOME OTe. a 
i ax tony ale ta 
oe ON a a 

oT EO red gers i. 
it gna: ingen 
ao fm 


40 eatan 


pee, ee 


~ 


(3) 


not suggest their true nature and merely expressed surprise 
at the occurrence of such unusual structures in these organs. 
These caecal bacteria were really first observed by 
Professor Forbes in 1882 in crushed specimens of the Chinch 
Bug, Blissus leucopterus, and a brief technical description 
of the organism, under the name Micrococcus insectorum, was 
given it by Professor T. J. Burrill in 1883. The specimens 
first examined by Professor Forbes were from experimental 
cages of potted corn in which the insects had been dying in 
large numbers from some cause which even at the present time 
is not clearly understood, and upon finding large numbers of 
specific bacteria in crushed preparations of these insects he 
at first very naturally regarded them as the probable cause 
of the trouble, and proceeded to investigate the matter with 
characteristic thoroughness, with a view to the possible 
utilization of this organism as a means of controlling the 
chinch bug in the field. After a careful study, however, 
he was finally forced to the conclusion that the bacteria 
were not parasitic upon the chinch bug at all, but that they 
were really normal to the caecal appendages of healthy bugs 
and that they probably had some important function in the 
metabolism of the insect. He also established later, by 
the examination of a great variety of insects of different 


orders, and especially of Heteroptera, the fact that the 


chinch bug was not unique in this regard, but that the same 
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phenomenon also occurred in a number of other species of 
Lygaecidae as well as in representatives of several other 
families of Heteroptera, and that wherever the caeca were pres- 
ent in this group, they were always filled with specific bac- 
teria. A large part of this work was never published and 

the unpublished notes, which proved to be of the greatest 
assistance in this work, were turned over to me by Professor 


Forbes for use in continuing a study of the subject. 


The problem as it was suggested to me by Professor 


Forbes was primarily to determine the significance of the 
presence of these “normal” bacteria of the caeca -- to work 
Out, if possible, the relation existing between the insects 
and their characteristic intestinal flora, and also, indirect- 
ly to determine whether the occurrence of these complex caecal 
structures might not throw some light on the phylogeny of the 
Heteroptera. 

The following study was carried on under the supervis- 
ion of Professor Forbes, and I consider it an honor to be in 
a@ position to express my indebtedness to him for his constant 
aid and encouragement throughout the course of the work. 

I am also greatly indebted to Dr. W. J. MacNeal, in 
whose laboratory I was very kindly permitted to do a large 
part of the work on the bacteriology of the subject, although 
at that time the laboratory was so crowded that few men 


would have thought of admitting me. 
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FUNCTION AND PHYLOGENETIC SIGNIFICANCE 
OF THE CAECA OF THE HETEROPTERA 


The mid-intestine of the Heteroptera is typically divided 


into four rather clearly defined regions which, for convenience, 
may be termed the first, second, third and fourth stomach. Al} 
four can usually be made out, although in some of the more 
highly specialized groups certain of these divisions, especially 
the two posterior ones, may be very greatly reduced. 

a At its anterior end the midgut is uniformly dilated, form- 


ing a capacious, thin walled, bag-like structure, capable of 


considerable distension. In the adult this anterior division 
is almost always expty, although in the nymph it is often filled, 
and even considerably distended, with a greenish or brownish 
granular mass, and, as might be expected, it is variable in 


Size and shape in different individuals of the same species. 


At its posterior end this first stomach narrows suddenly and 


passes into the comparatively slender, tubular second stomach 


which usually is of uniform diameter throughout, and which 


empties into a second, oval or rounded, dilated portion. This 
third stomach,in turn, passes abruptly into the fourth and 
last division, which is the one that concerns us most, as it is 
on this section of the gut that the caecal appendages with their 


normal bacteria appear. 


fi The first stomach is almost always distinct, while the 
Second and third may occasionally grade into each other,in the 


more specialized forms, in such a way that the exact line sep- 
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arating the two cannot be clearly made out. This fusion is 
brought about either by the excessive enlargement of the tub- 
ular second stomach or by the contraction of the third, or 
sometimes by both, and is met with only in those groups in 
which the caecal appendages are wholly wanting. In those 


groups in which the caecal appendages are regularly absent, 


 ————— 


the fourth stomach is uniformly reduced to an extremely short 
tubular portion, or it may occasionally be absent altogether, 


in which case the Malpighian tubes are inserted immediately 


below the third stomach. 
| In certain of the strictly predaceous groups, as in the 
Reduviidae, Phymatidae, and Acanthiidae, the midgut is very 
greatly reduced in complexity, there being no trace of the 
fourth and very little to indicate the second and third divi- 
sions, and even the first stomach may sometimes merge into the 
remainder of the midgut to form an irregular tube of large 


caliber extending from the oesophagus to the rectum, but with- 


out any clear-cut divisions. Even in cases such as this, how- 
ever, there is usually a slight enlargement at the posterior 


end, just in front of the point of insertion of the Malpighian 


tubes; and this may represent the third stomach as it occurs 
in typical forms. 
The fourth division of the midgut is never well developed 


except in those of the Cimicoidea which are provided with caeca, 


and so far as is known these include only the Pentatonmidae, 


Thyrecoridae, Pyrrhocoridae, Lygaeidae, and the Coreidae. In 
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these families, whenever the caeca are present, the fourth 
stomach occupies a prominent place in the midgut in the form 

of a long, slender tube, and it is on the posterior end of this 
tube that the pouch-like caeca are borne. In these forms the 
tubular part of the fourth stomach is regularly somewhat di- 
lated immediately below the third stomach, and this tendency is 
occasionally exaggerated to such an extent that in certain 
species, as in Blissus leucopterus, a bulb-like structure may 
be formed at the anterior end of the tube nearly as large as 


the third stomach itself, but this dilation is not constant in 


size and does not represent one of the typical divisions of 


the midintestine. 

The ileum in the Cimicoideae presents a characteristic 
modification which may well be mentioned here, for instead of 
continuing as a simple tube from the point of insertion of the 
Malpighian vessels to the rectum it forms a thin-walled, blad- 
der-like reservoir, of various shapes, into which the four Mal- 
pighian tubes empty, each tube usually being inserted singly, 
about half way down on the side of this bladder-like ileum. 

The ileum opens by way of a narrow, valve-like constriction in- 
to the capacious, thin-walled, muscular rectum, which may or 
may not be provided with a large anteriorly projecting cul-de- 
Sac, depending on whether the ileum opens directly into its 
anterior end or further down on its side as it does in some of 


the Coreidae. The walls of the rectum are very elastic and its 


Size varies greatly. When not gorged it may be no larger than 
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the third stomach and still be smoothly rounded, while in the 
same species it is occasionally found so greatly distended 


that it occupies most of the abdominal cavity, although this 


condition is decidedly exceptional. 


y 


As has already been stated, the caecal appendages of the 


Heteroptera are apparently confined strictly to certain fami- 


lies of the Cimicoideae; 


and while these organs at first ap- 


pear to form a number of widely different types, they are 
found upon closer examination to fall regularly into two clearly 
defined groups ranging from very simple to highly complex forms. 
In one of these groups in which the Pyrrhocoridae, Thyrecoridae, 
Lygaeidae, and Coreidae may be included, the caeca are arranged 
in two rows extending along opposite sides of the tubular fourth 


stomach, in varying degrees of complexity, from an extremely 


simple type found in the Pyrrhocorinae (in which the caecal 
equipment consists merely of a double row of a half dozen or 


more comparatively minute outpocketings at the extreme posterior 


end of the tube) to the highly complex arrangement met with in 
the Largi{nae and in many of the Coreidae and Lygaeidae (where 


the caeca may take the form of two rows of short closely packed 


units often numbering into the hundreds), or they may be ar- 
ranged in definite groups of extremely long finger-like tubes, 
on opposite sides of the intestine, much fewer in number than 
in the forms just mentioned, but compensating largely for the 


loss in numbers by a very marked gain in the diameter and length 


of the individual caeca. In all of these highly modified forms 
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the typical arrangement is maintained. In the other group, in- 
cluding the Pentatomidae, with the exception of the Asopinae 
in which the caeca are absent, there are four rows of short, 


uniform, closely set, sac-like structures ranged along the tub- 


ular portion of the fourth stomach; and this arrangement is 
adhered to with remarkable uniformity in all the typical Penta- 
tomidae so far examined. 
Before discussing the various forms of caeca in detail, it 
might be well to consider the probable origin and course of de- 
velopment of these complex organs in the different divisions of 
the Cimicoidea. 
f Recognizing the Pentatomidae as the more primitive Heter- 
optera then, according to the view expressed by some authori- 


ties, Asopinae might be taken as representing the stock from 


which all the other Heteroptera developed. 


We find in examples 
of this sub-family, such as Podisus maculiventris (Plate IV, 
fig. 3), that the caeca are wholly absent, and that the fourth 
stomach consists merely of a short neck connecting the third 
stomach with the ileum. If we consider the Asopinae as repre- 
senting a type which existed previous to the first appearance 
of caeca in the Heteroptera, then the Thyrecoridae should logi- 
cally come next in the series, as it forms a perfect connecting 
link, so far as the caecal structures are concerned, between 
the typical Pentatomidae with their four rows of caeca and the 


lygaeidae, Coreidae and Pyrrhocoridae with their two rows. In 


this family, as represented by Thyrecoris unicolor (Plate I, 
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fig. 2), the caeca might well be regarded as showing a very 
primitive condition, since they appear in a double row of very 
blunt evaginations from the wall of the gut which shows no in- 
dication of the distinct, narrow ducts so common in most of 
these insects, and water might readily be imagined as in pro- 
eess of formation directly from folds or wrinkles in the in- 
testinal wall. No direct transition has as yet been seen be- 
tween the double row of caeca of Thyrecoris and the quadruple 
arrangement in the typical Pentatomidae; but it can hardly 
be doubted that in some of the Thyrecoridae, or perhaps in the 


Cydninae, forms will be discovered in which the doubling of 


the rows of caeca is actually taking place. The specimens of 


Thyrecoris examined, and from which the drawing was made, were 


males; 


and as the caeca uniformly show a more complete devel- 


opment in the female than in the male, I should not be sur- 
prised to find at least indications of a third and fourth row 
when this sex is examined, although in the male the intestine 


does not show the slightest indication of this, even in sections. 


This arrangement apparently does very well in the 
Pentatomidae: but when the other families in which caeca 
Occur are considered, a number of almost insurmountable 
difficulties are encountered. 
a It is easy to imagine how the complex types of caeca 
in the Coreidae, Lygaeidae, and Pyrrhocoridae could have 


originated from a common form like that of Thyrecoris, 
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but the fact that in each of these families a number of spe- 


cies Occur which are obviously not primitive, but in which 


the caeca are wholly ee’ is decidedly confusing when 


a progressive development. the caeca is considered. 


Mr. C. A. Hart, of the State Laboratory of Natural 


History, has suggested that these caeca, instead of 


representing a continuous development in the existing 


Heteroptera from simple to complex types, may be primitive 


ancestral organs which are really in process of elimination 


as the group advances in specialization; and that the con- 


fusing cases met with in the three families just mentioned 


should really be regarded as more highly specialized forms 


in which the caeca have entirely disappeared. This view 


seems to agree in essentials with the best grouping of the 


Heteroptera and Mr. Hart, who has very kindly compared the 


evidence presented by the structures with the principal 


systems of classification that have been proposed for these 


insects, finds that the relationship indicated by these 


structures agree remarkably well with the grouping of the 


Heteroptera as proposed by the great European Hemipterist, 


St@l, although suggesting relationships decidedly at variance 


with those that have been assumed by certain by«certain 


American workers. 


The view that the complex types of caeca should be 


considered the more primitive, is also strongly supported by 
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| embryological evidence. 

A Upon dissecting the embryo of the pentatomid, Murgantia 
histrionica, a day or more before time for hatching and 
shortly after the mid-gut had completely formed, the caecal 
region was found to be represented by a comparatively long, 
pink section of the intestine upon which the four rows of 
minute caeca were appearing, each caecum originating as an 
independent evagination of the wall of the embryonic intes- 


tine. 


A similar study of the embryonic gut of such Lygaeidae 


as Blissus leucopterus would be very desirable, in order to 
see if the typical grouping of the caeca of the Blissinae is 


not merely a specialization from from forms such as those 


in the Pachygronthinae. 


An examination of the embryonic caeca of the Thyrecoridae 
would also be worth while, as it is here that we should 
expect the actual transition to take place from the four 


rowed form of the typical Pentatomidae to the forms with 


but two rows, if the caeca in the Heteroptera are really 
being reduced in complexity. 

if this view is correct; it can hardly be questioned, 
then the Asopinae could not be considered the more primitive 
type of Heteroptera, as has been suggested by Kirkaldy, but 


would have to be considered a much more specialized group 
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than the Pentatominae, in which the caeca reach their greatest 
development in such forms as Brochymena.quadripustulata, 

where there may be aS many as fourteen hundred caéca in the 
entire system. Just why the caeca should dropout so 

Suddenly in the Asopinae is not clear, unless this is due 

to a specialization of the alimentary canal correlated with 
the strictly predaceous habits of the insects. im -thi¢ 


connection it is of interest to note that the caeca are in- 


variably absent in all the strictly predaceous Heteroptera. 


The Scutellerinaec, judging from their caecal equipment, 
are evidently close to the primitive Pentatominae. Of the 
Cydninae but a single male of Amnestus pusillus has been 
examined; and as the caeca were apparently absent in this 
specimen, this sub-family may be further removed than even 
the Thyrecoridae, although no generalization can be made 
from this one dissection. 

in regard to the function of the caeca of these insects, 
it can only be said that no digestive function has been 
discovered, and that the food mass in process of digestion 
apparently never gets beyond the third stomacn. This, 
together with the fact that these organs are located at the 
extreme lower limit of the digestive portion of the 
intestine and are apparently in process of elimination, 


would seem to show that they possess no important digestive 
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CONSTANCY OF THE CAECAL INFECTION IN HETEROPTERA 


One of the first questions that came up in connection 


with the work was that of the constancy of the bacterial in- 


fection of the caeca--whether these organs were always infect - 


ed and whether the infecting organism was always the same. It 


had been established by ProfeSsor Forbes that the infection in 


Blissus leucopterus was constant throughout the range of this 


insect in Illinois , and all the Heteroptera in the neighbor - 


hood of Urbana, in which the caeca were present, also showed 


the infection; but to make certain that this relation was one 


of fundamental significance and that the infection was not 


merély a local phenomenon, peculiar to the Heteroptera of Ur- 


bana, or perhaps of Illinois, it was planned to select sone 


common, widely distributed species and to examine Specimens 


from as great a range as possible. 


It was necessary, of course, that the species selected 


for a study of this kind Should be widely distributed as well 


as common and easy to collect and, what was of even greater 


importance, that the caecal bacteria should be characteristic 


in form, to insure that the infection was not due to different 


Species of bacteria of similar form occurring in different 


parts of the range of the insect. 


The Harlequin Cabbage bug, Murgantia histrionica, was fin- 


ally chosen as the species most nearly fulfilling these con- 


ditions. 


It ranges from California across the southern half 
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of the United States and thence to New England; and it is usu- 
ally a very common and conspicuous form wherever cabbage is 
grown; but what made it especially suitable for this test was 
the large size and remarkable form of its caecal bacteria. In- 
Stead of being minute, short rods, as in Anasa tristis and 
Blissus leucopterus, the only two other Species available for 
the test, those of Murgantia are very large, contorted, Spiro- 
chaete-like forms which could not poSsibly be mistaken for any 
of the other varieties of caecal bacteria. 

To secure Specimens, requests for living material were 
sent to a number of Station entomologists located in parts of 
the country from which Murgantia had been reported. Living 
Specimens were thus secured from ten States, extending in a 
continuous series along the southern and eastern part of the 
United States for a distance of between two and three thousand 
miles, including California, New Mexico, Oklahoma, Arkansas, 
Mississippi, Alabama, Georgia, South Carolina, North Carolina, 
and Maryland. The specimens of Murgantia for this study were 
obtained through the kindness of the following entomologists -- 
the locations given showing the place where the insects were 
collected: 

T. B. Symons, College Park, Maryland. 
Franklin Sherman, Jr., Greenboro and Raleigh, North 


Carolina. 


A. F. Conradi, Clemson College, South Carolina. 
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H. P. Stuckey, Experiment, Georgia. 


W. E. Hinds, Auburn, Alabama. 

R. H. Harned, Agricultural College, Mississippi. 

Paul Hayhurst, Lanske, Arkansas. 

C. E. Sanborn, Stiliwater, Oklahoma. 

Fabian Garcia, Agricultural College, New Mexico. 

C. W. Woodworth, Live Oak, California. 
In addition to these localities , specimens of Murgantia were 
also examined from different parts of Illinois, especially from 
the southern part of the state, where they were collected by 
Mr. L. M. Smith of the State Intomologist's office; and two 
Specimens were also taken as far north aS Urbana, Illinois. 

Upon a comparison of the contents of the caeca of specimens 
from these widely separated localities , it soon became evident 
that the peculiar organism, first observed in the caeca of the 
two Specimens collected at Urbana, was a constant inhabitant of 
the caeca of Murgantia, and that whether the individual exam- 
ined was from California or Maryland this was invariably the 
highly characteristic, contorted organism first observed in the 
Urbana specimens. 

While the caecal organisms from all these localities are 
clearly of the same species, all having precisely the same 
typical form, there are certain occasional differences in size 
that it may be well to mention. It was observed, for example, 


that in the insects from Georgia, as well as in occasional 
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Specimens from Illinois, the bacteria, although characteristic 
in shape, were often decidedly longer and stouter than those 
from most of the other localities; but this difference in size 
was not constant in all the specimens of Murgantia from these 
States, and it was doubtless due to Some slight difference in 
the metabolism of the particular individuals examined. 
Murgantia is the only species that I have studied in any 
numbers with this idea in mind, from outside Illinois; but 
hundreds of specimens of other species have been examined from 


different parts of this state, and all of these show, without 


exception, that in their morphology the type of caecal organism 


is absolutely constant for a given host species. 
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CULTIVATION OF THE CAECAL BACTERIA 


In undertaking a study of the physiological relation ex- 
isting between the Heteroptera and their caecal bacteria, it 
was very evident that the whole question hinged on the culti- 
vation of these = es and that little or nothing could be 
expected from such a study until pure cultures were obtained. 
The fact that these were really normal bacteria and occurred 
in every individual possessing the caeca, in itself presented 
a very serious obstacle to the culture work, since this very 
fact apparently excluded all possibility of confirming, by 
direct infection experiments, any cultures that might be ob- 
tained from the caeca. An attempt was made, as has already 
been mentioned, to rear sterile individuals from the egg in 
aseptic cages, in order to secure material free from the caecal 
bacteria for these infection experiments; but since the bac- 
teria were found to pass normally through the egg, these rear- 
ing experiments were unsuccessful; and this apparently left 
no alternative but to select for the culture work only those 
insects in which the bacteria were so characteristic in form 
that they could readily be recognized in mixed cultures. 

Since all possibility of checking the cultures by infec- 
tion experiments had to be definitely abandoned, there was 
very little inducement, at least at first, to attempt the cul- 


tivation of these bacteria from the Coreidae or from such 


lygaeids as Blissus leucopterus, in all of which they are 
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short, uniform rods with nothing morphologically to distin- 


guish them from dozens of other Saprophytic bacteria that might 


occur as contamination in the cultures. While these insects 


appeared wholly unsuited for preliminary culture tests, many 
of the Pentatomidae, as Peribalus limbolarius, Brochymena 
quadripustulata, and especially Murgantia histrionica were ap- 
parently ideal for this purpose, as the bacteria which they 
harbor, instead of being the small, typical bacillus form of 
the Coreidae and the Lygaeidae, are very characteristic in ap- 
pearance, varying from the extremely long, straight, rod-like 
forms of Peribalus through the short, uniformly bent organisms 
of Brochymena to the remarkably large, characteristically con- 
torted form uniformly occurring in Murgantia. 

For this apparently good reason, the culture work was,at 
first, concentrated especially on Murgantia histrionica and a 
few other pentatomids; for it was very clear that if the cae- 
cal bacteria from these insects would develop on artificial 
media at all, and still retain the characteristic form as they 
occur in the caeca, there would be no difficulty whatever in 
differentiating them from any possible contamination that might 
appear. 

In the larger Heteroptera, as well as in those of moder- 
ate size, it was found that by careful dissection any division 
of the alimentary canal could be removed with practically no 
danger of outside contamination; the peculiar shape and struc- 


ture of the abdomen in these insects being especially adapted 


(21) 


to this operation. 

For removing the caeca aseptically it was found, after a 
number of methods had been tested, that the following simple 
procedure was really the most satisfactory. The insect is 
first lightly chloroformed to prevent struggling, the wings 
are clipped off near the base and the whole body moistened with 
alcohol to remove the film of air and allow the penetration of 
the bichloride solution which was usually used in the propor- 
Tion of 1--500. The mercuric chloride solution is best ap- 
plied with a bit of absorbent cotton held in a pair of old for- 
ceps. In this way the entire body of the insect ean be thor- 


oughly scrubbed with the disinfectant, so that any folds, such 


as those between the body segments, will certainly be moistened. 


After the bichloride solution has completely dried, which may 
be very well hastened by passing the insect back and forth be- 
fore a Bunsen flame, the flat edges of the abdomen are clipped 
off, from near the posterior end up to the thorax, with a pair 
of fine scissors which have been previously flamed. The top 
of the abdomen immediately back of the thorax may be cut across 
with sterile scissors and the resulting: flap formed of the en- 
tire dorsal wall of the abdomen may then be lifted back with a 
pair of flamed forceps, leaving the abdominal viscera exposed. 
Usually in forms such as the larger Coreidae and Penta- 
tomidae, the alimentary canal is considerably coiled in the 


posterior half of the abdominal cavity, and is covered above 


by a thin layer of fatty tissue which must be moved to one 
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(22) 
side before the caeca can be reached. 

The caeca may be readily distinguished from the other 
divisions of the alimentary canal, as they are pure glisten- 
ing white in the Coreidae or tinted yellow or pink in many of 
the Pentatomidae. 

In making cultures from the caeca, the usual procedure 
was to open the abdomen with sterile instruments, in the man- 
ner just described, and after removing the dorsal fat body, to 
clip out a small section from near the middle of the caecal 
system, which was then quickly removed with flamed forcepts to 
a tube either of sterile salt solution or bouillon, the final 
cultures being made from this tube. 

For reasons which have already been explained, the first 
serious attempt at cultivating the caecal bacteria was made 
with Murgantia histrionica; and unfortunately the work was 
confined for a long time to this species and a few other penta- 
tomids, in an attempt to discover some means by which their 
peculiarly characteristic bacteria could be made to develop on 
artificial media. 

When the work was first undertaken with IMurgantia, it was 
planned to remove a section of the caeca to a tube of sterile 
salt solution or bouillon as just described, crush it, and 
from this make Wiste cultures in the usual manner, it being 
fully expected that a number of doubtful forms of bacteria 


would be isolated as contamination from the ordinary transient 


intestinal flora assumed to be present in the insects. It was 
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a decided surprise, however, when not only the typical caecal 
bacteria failed to appear in these plates, but no contaminat- 
ing forms even developed. This was repeated with large series 
of the insects but the results were always the same, the cul- 
tures remaining sterile with a discouraging regularity. It 
was thought at first that perhaps the fiverat amount of alco- 
hol and bichloride solution used in disinfecting the outer 
surface of the insects might possibly have penetrated the 
tracheal system and that enough had been removed with the 
trachea adhering to the caeca to prevent all growth in the 
cultures, although this seemed hardly possible. Tests were 
made, however, in which only those parts of the insect which 
were actually to be cut were moistened with the disinfectant, 
the spiracles being avoided entirely, and the results were ex- 
actly the same, the cultures remaining uniformly sterile. It 
was later found also that without the use of any disinfecting 
solution the glands could be removed with no fear whatever of 
contamination from without provided the scissors with which 
the cutting was to be done were used hot enough to sear as the 
Be wall“ opened: the cuts being made as rapidly as possible 
to avoid the danger of heating the tissues too deeply. 


While the apparent incapacity of the caecal bacteria from 


this insect to develop on ordinary media was somewhat discour- 


aging, at least one very important fact was brought out by it. 


Since no growth at all developed from the caeca on ordinary 


media, it was very clear that, contrary to what had been ex- 
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pected, there would be no complication of contaminating organ- 
isms from the intestine which are so common in many other in- 
sects, since in Murgantia these forms seemed, for some very 

definite reason, to be wholly absent; and it followed that, 

if by any means conditions could be made suitable for the de- 
velopment of the caecal bacteria of this insect on artificial 
media, the difficulty of proving that the organism in culture 
was really the one sought and not some accidental contaminat- 


ing form would be wholly avoided. With this as an encourage- 


ment, anh excessive amount of time and effort was wasted in an 


attempt so to modify culture conditions that the normal caecal 
organism of this insect could be induced to grow on artificial 
media. Since, in reaction, the caeca appear faintly alkaline, 
the different media used were usually made neutral or slightly 
alkaline; and as the normal food of the insect is cabbage, 
this was largely used in the different media tested; but as 
all the results were uniformly negative, no minute discussion 
will be given here of the different modifications that were 
tried. Anaerobic cultures were also made with negative re- 
sults, although at the time, this test seemed almost super- 
fluovs in view of the abundant tracheation of the caeca. 

After the failure of these direct culture experiments, 
was reasoned that upon the death of the insect the bacteria 
probably became gradually adapted to a saprophytic mode of 
life, and that by taking advantage of this they might still be 


forced to grow on artificial media. 
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In testing this hypothesis, several series of from forty 
to fifty insects each were used. The insects were killed 
either with chloroform or by grasping the head for an instant 


with a pair of very hot forceps, the last method being the one 


ing the insect without breaking the body wall. The dead in- 


% 


sects were then thoroughly sterilized by washing in a mercuric 


| 
chloride solution after the removal of the wings, and after 
drying they were placed in small, tightly stoppered, sterile 


vials, to prevent drying of the internal structures, and kept 


most generally used and proving a very convenient way of kill- : 
| 

for three or four days in a cold box at about 20° Ga... At the 

end of this time the alimentary canal was usually intact and | 
| showed no invasion by foreign bacteria, while the caecal bac- | 
teria themselves showed no perceptible changes either in numbers 2 
) or in the invasion of other regions. Bouillon tubes inylocu- | 
lated from the caeca of these dead bugs usually eer ster- 
ile, but growth appeared in two or three per cent. of the tubes, 
ai and it was thought at first that this growth might represent 
; strains of the caecal organism which had been modified by their 
stay in the dead bugs as to develop on artificial media. When 
these cultures were examined under the microscope, however, 
, they showed, not the long, irregularly bent organism from the 

caeca of Murgantia, but what appeared to be a pure culture of 


a very short, actively motile, fléurescent bacillus, which 


' 
| grew vigorously on ordinary media. Although this organism was 


obtained in culture from ten or more of the dead insects and 
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appeared to be the only one that developed, it was so differ- 
ent from anything that had been expected from the caeca that 
it was regarded as one of the common Pigeeasaant water bac- 
teria that had probably been present in the anterior part of 
the alimentary canal and which, after the death of the insect, 
had invaded the caeca. The culture work on Murgantia was dis- 
continued here, as it apparently promised nothing to warrant 
any further work. 

In the meantime repeated attempts were also made to cul- 
tivate the caecal bacteria from a number of other pentatomids, 
including chiefly Peribalus limbolarius, Coenus delius, Brochy- 
mena quadripustulata, Buschistus variolarius and Mormidea 
lugens, but the results, as with Murgantia, were uniformly neg- 
ative, neither the caecal organism nor any contamination ap- 
pearing in the cultures from any of these species, except in 
exceptional cases where the technique was clearly at fault. 

Common forms such as the squash bug and the chinch bug 
had been purposely avoided in this work owing to the obvious 
impossibility of distinguishing between ordinary contaminating 
organisms and the caecal bacteria typical for these insects; 
but since the negative results from the work with Murgantia 
and the other pentatomids showed clearly that the caeca, in 
these insects at least, were wholly free from foreign bacter- 
ia, the possibility of using such insects as Anasa in culture 
work did not seem so hopeless as at first, especially if it 


was found that this statement applied also to then. 
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As a last resort it was decided to attempt the cultiva- 


tion of the caecal bacteria from Anasa tristis, this species 


being selected because it is fairly large and is usually abund- 


ant and readily obtainable in winter as well as in summer. 

In the preliminary work on this Species, pieces of the 
caeca were removed and dropped at once into tubes of squash 
juice bouillon, the composition of which was the same as that 
of ordinary beef juice bouillon with the addition of a de- 
coction from 150 grams of squash stems and leaves per liter. 

In the squash bug the caecal bacillus is a very short, 
uniform rod, averageing 0.9 microns long by 0.7 microns wide. 
As they occur in the caeca these bacteria do not show the 
slightest indication of motility; and they are usually ar- 
ranged in pairs, or they may, exceptionally, form short chains 
of from three to four or more individuals. 

In undertaking the culture work with this insect I had 
very little hope of growing the caecal bacteria successfully, 
and really did not expect more than a repetition of the nega- 
tive results secured with the Pentatomidae, but I nevertheless 
thought that even the relation shown there would be worth es- 
tablishing in other Heteroptera. 

The first culture experiments with Anasa tristis were un- 
dertaken with seven adults that had been kept in a warm room 
for nearly a month. Of the tubes inhoculated from the caeca 
of these seven insects, every one developed growth; and in 


each case this appeared to be a pure culture of an organism 


Ve am 
. 
af 7 » ; 
@ j 
. *e r ‘ 
~~ R =) 4 
7 rink ¥ 4 
,- 
Ay *- 
or he 5% re al 3 Sell 
ah ii. {ode eae re a eee eee 
. * i 
‘ - ‘ * ; : St : f 
» : ——— * Ye a F a?->> oil foe 
* r. 2 
+ ~~ % 
- En: 7 » 
= ¥ 
= ve } 
+ . i, 
b “ 4 
§ 2? 
oe 
: + y ra 
ee. ; bag ay ts. SSeS 
ys 7 
‘ 7 
‘ 
J 
2 ina 
‘ 
, 
L 
= 
- 
> 
: ' - ‘- 7 
> ‘ - ~ é 
P 
: od 2 a 
“ be Bs ty = ¢ 


io Oe 
’ 


——— =<— 


(28) 


morphologically very similar to the bacteria in the caeca; 

but as these insects had been feeding on partly decomposed 
Squash a short time before the dissections were made, it was 
realized that the growth might very easily have been due to 
some foreign organism taken in by the insect from the decom- 
posing squash. Nevertheless, the fact that the growth in all 
the tubes was apparently the same, was very encouraging in 
view of the uniform failure to secure any growth whatever from 
the Pentatomidae. 

To ascertain whether or not this growth was merely a con- 
tamination from the squash, or whether the caecal organism 
could still develop saprophytically, as the culture suggested, 
a series of fifty specimens of Anasa were taken, fed on per- 
fectly fresh squash for two weeks and then kept for a full 
week without food, in order to give the caecal bacteria suf- 
ficient time to destroy any contaminating organisms that might 
have been swallowed while feeding. 

Cultures were made from this series and, to my surprise, 
growth developed in all fifty of the tubes and appeared in 
each case to be a pure culture of a short, motile organism 
identical in size and form with the bacteria in the caeca of 
this insect, and so far as could be determined these were the 
same as the organism that had appeared in the cultures from 
the first seven insects tested. 


This series of experiments appeared to show very conclus- 


ively that we had at last succeeded in growing the caecal bac- 
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teria in pure culture, provided of course that foreign bac- 
teria were excluded as completely from the alimentary canal 
of Anasa as they had been shown to be in the Pentatomidae. 

Sub-cultures were not started from these tubes for seven or 


eight days and upon examining them again at the end of this 


time, a number were found to contain organisms so different 


from the caecal bacteria that there was apparently no escape 


contaminated. When examined upon the first appearance of 
growth, nothing was found but the short uniform bacillus, 


which was as much like the bacteria direct from the caeca as 


on. i 


| 

from the conclusion that the cultures had become in some way 
could be imagined; but at a later examination two apparently 
distinct contaminating forms were discovered. One of these 
apparent invaders was a fairly uniform rod-shaped bacillus 4 
microns long by 1.5 micron wide, so much larger and longer 

than the typical caecal organism that the two could be dis- 

tinguished at a glance. The other was a perfectly spherical 

form, 90.6--0.8 of a micron in diameter, which occurred com- 

monly in extremely long chains of a hundred or more individ- 

uals. 

Contamination from some source had apparently taken place 
in a number of tubes, and it was therefore decided to discard 
the whole series rather than attempt to make a detailed study 


of the different forms that might be isolated from the cul- 
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tures in an attempt to connect some one of these with the spe- 
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cies from the glands--an undertaking evidently little short of 
hopeless. Another cause of uncertainty here was the fact that 
the caecal bacteria from the Pentatomidae would not develop on 
Bainary media; and as there was no reason whatever for as- 
suming that the forms from the Coreidae would behave any dif- 
eantiy, there was clearly a possibility that the growth that 
had appeared in all the tubes was really contamination and : 
that the true caecal bacillus was not represented here at all. 
If the property of totally excluding all other bacteria 
from the alimentary canal did not hold for the caecal bacteria 
of the Coreidae, as it very clearly did for those of the Penta- 


tomidae, then there was certainly very little encouragement to. 


continue culture work with these insects, for, although strains 


of bacteria might be isolated that would agree perfectly with 
the caecal bacteria in their morphological characters, this 
would establish very little, as there is nothing about the bac- 
teria from the Coreidae to distinguish them in this way from 
many common saprophytic forms that might readily gain access 
to the intestine of these insects. 
As the first two sets of culture tests were made from bugs 
that had been kept in a warm room and had been feeding continu- 
ally up to a week of the time before the dissections were made, 
it seemed possible that the antagonism of the coreid bacteria 
to invading forms was not so absolute as in the Pentatomidae, 


and that, if hibernating insects were used which had had no op- 


portunity to feed for a considerable period, the normal bac- 
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teria might in this time have succeeded in effectually killing 


off the foreign species. It was accordingly decided to attempt 


the cultivation of the squash bug bacillus once more, hiber- 


nating insects being used this time in the hope that as a re- 


sult of long fasting their normal bacteria might have elimin- 
ated the transient forms. 
For these tests, the insects were taken after the middle 


of December from their winter quarters. 


They could not have 


fed for at least a month ; and they were dissected at once. 


Thirty-five specimens of Anasa tristis were collected for this 


work and every precaution was taken in the dissections and in- 


foculations to guard against contamination from without. The 


insects were sterilized before dissection with a thoroughness 


which would not have been permissible with Murgantia; but, 


notwithstanding this, cultures were obtained from these insects 
as regularly as they had failed where Murgantiawas used, all 
thirty-five of the tubes intnoculated developing an abundant 

growth. 


These cultures were incubated at room temperature and were 


watched closely for the appearance of any contamination. 
Growth was found to appear rather tardily, developing in from 
two to four days and at first, as in the two previous series of 


experiments, consisting of an apparently pure culture of a short, 


motile organism which could not be distinguished morphologically 


from the caecal bacteria as taken direct from the insect. Ina 


few days after the first appearance of growth, however, forms 
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were observed in many of the tubes which were clearly not of 
this type. In about a week the two abnormal forms which had 


appeared in the preceding experiment were observed in a number 


of these tubes; and, in addition to these, a third type was 


also discovered which appeared in several of the tubes as a 
very large, oval, yeast-like organism often over five microns 
long by four microns wide. 
As all contamination from without had been excluded be- 


yond question, all of these unusual forms must certainly have 


come from the caeca; and as nothing resembling any of them 


had ever been observed in these organs by direct examination, 
their appearance in the cultures was very difficult to explain. 
Upon close examination it was seen that these contamin- 
ating organisms were not strictly constant in form, although 
it did not seem possible at first that these strikingly differ- 


ent organisms could be involution forms of the bacillus that 


first appeared in cultures from the caeca. The yeast-like bod- 


ies were usually free, with one or more small typical buds at 


the ends; but occasionally one or more of these large bodies 


could be seen in the long chains of small coccus-like forms; 
and the large bacillus was not always a typical rod, but very 


often tapered at the ends very decidedly, and even merged into 


bodies that resembled the yeast-like forms. Since it seemed 
possible that some of the contaminating organisms were merely 


involution forms, and not independent organisms, as had been as- 


sumed at first, it seemed worth while to make a thorough study 
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of the different forms occurring in the cultures to determine 


how much normal contamination there really was in the alimeén- 


tary canals of these insects. Plate cultures were accordingly 


made from some of the tubes that appeared most highly contam- 


inated, and these were searched very carefully for different 
kinds of colonies; but so far as could be determined by direct 
examination, the colonies were invariably all alike. 
Cultures were made from large numbers of these colonies 


in an attempt to isolate the different contaminating organisms 


that had appeared in the original bouillon tubes. All the sub- 


cultures from the plates invariably developed into the short 


form resembling the caecal bacillus; but when sub-cultures were 
made from these into bouillon, all the abnormal forms regularly 
appeared, as they had in the cultures direct from the caeca. 


Since each colony in the plates contained only descendents of 


@ Single bacterial cell, it became very evident that the ap- 
parent contamination from the caeca of the squash bug was noth- 
ing more than an extreme case of the production of involution 


forms, and that but a single organism had ever really developed 


in cultures from the caeca of these insects. This established 
conclusively the fact that we had but one organism to consider 
in the culture from the caeca of Anasa tristis although it did 
not show beyond question that this one organism was really the 


true caecal bacillus. In view of the results from the culture 


experiments with Murgantia, however, it certainly seemed prob- 
able that this was the caecal bacillus. 
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One fact which made this view rather uncertain for a time 
was that in 1895 a generally distributed disease of the squash 
bug was discovered by Duggar in the neighborhood of Urbana. 
This disease appeared to be fairly common, and was described as 
affecting principally the fat body and the perivisceral tis- 


sues generally. 


There was a distinct possibility that a 


chronic form of this disease might be present among the appar- 
ently healthy bugs that had been used in the culture tests 
just described, and that the growth in these cultures was re- 
ally due to this organism from the fat body contaminating the 
caeca as they were removed from the insect for innoculation. 
No more insects were available for testing this theory, 
but the following season several large series of culture tests 


were carried out with this point in view, two tubes being in- 


noculated from each insect in the following manner: Upon open- 
ing the abdomen a large lobe of the fat body adjacent to the 


caeca was removed, before the alimentary canal was broken, and 


placed in one of two tubes of bouillon. A section of the caecal 


system was then removed and put into the check tube. Without 


discussion of detail, it is enough to say that as a result of 
several hundred such tests growth was obtained from the caeca 
in every case, while the tube innoculated from the fat body 
invariably remained sterile. 
In order to ascertain the distribution of the caecal bac- 
teria throughout the alimentary canal, cultures were made from 


different sections of the mid gut, including the first stomach, 
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third stomach and the caecal region. From a large number of 
such tests it resulted that while growth invariably appeared 
in the tubes from the caeca, and usually also from the third 
stomach, only from ten to twenty per cent. of the ifmoculation, 
from the first stomach showed any growth, all the others re- 


maining sterile. 


Cultures were repeatedly made from the eggs of Anasa 


tristis; and upon comparison, it was found that the organism 


from this source was certainly the same as that isolated from 
the caeca, and it was also determined that this was the only 
organism that ever appeared in cultures from the eggs of this 
insect. 
It was expected,in the beginning, that the bacteria from 
the caeca of the Heteroptera, if they developed at all on ar- 
tificial media, would prove to be a number of very different 


forms, perhaps occurring only in their respective insect hosts; 


and when it was found that the organism isolated from the caeca 

of Anasa belonged to so common a group as the non-liquefying 
— 

fl6vrescent bacteria, it was feared that, after all, the form 

isolated from this insect might have been merely the result of 


a contamination of the alimentary canal by some of the ever 


present species of this group; although the fact that this 


Same organism was isolated regularly from the egg seemed very 
conclusive. 


In order to show beyond question whether or not the bac- 


teria so regularly isolated from the squash bug were really the 
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same as those normally present in the caeca, it was planned to 
check the cultures which had been obtained from the insects 


against the bacteria direct from the caeca by means of the ag- 


glutination test. Young rats were chosen as best suited for 
this work, as they are much more hardy than young guinea pigs 
of the same weight. The animals selected weighed only from 

fifty to seventy-five grams, as it was feared that sufficient 


material for the immunization might not be available in case 


large animals, such as full grown guinea pigs, were used. It 
was planned at first to immunize the animals to cultures of 
the bacillus isolated from the caeca, and to test such sera 
against emulsions of the bacteria direct from these organs} 
but owing to the fact that bacteria freshly isolated from tis- 
sues do not usually react so readily to the agglutination test, 
the process was finally reversed and the animals were immun- 
ized with material direct from the caeca. 
Por this purpose the caeca were removed from hibernating 


insects and crushed very thoroughly by rolling between sterile 


slides. 


The bacteria thus liberated were then washed off the 


Slides and collected in sterile vials which were at once im- 


mersed in a water-bath and kept at 54° ¢. for thirty minutes 
to kill the organisms, it having been found that this tempera- 
ture was sufficient for the purpose. 
Material prepared in this way was injected intra-periton- 


eally, each animal receiving five graded doses at intervals of 
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(37) 
a week or ten days, the doses varying from the caeca substance 
of ten bugs for the first injection to that from thirty insects 


for the last. 


The immunized animals were killed about ten days after the 


last injection, the blood was drawn aseptically from the heart, 
and the serum stored in capillaries having a capacity of two or 
three drops each. Since the normal serum of many animals is 
known to agglutinate certain strains of bacteria in low dilu- 
tion, I did not know what to expect in a case like this from 
the serum of normal rats, and to guard against any possible 
error from this source, a normal rat was bled whenever an im- 
munized animal was killed and the sera from the two were checked 
against one another in every test made. 

A large series of cultures from the caeca of Anasa tristis 
were tested out against such immune sera, and from the very 
first of these tests it was evident that the organism in cul- 
ture was undoubtedly the identical form in the caeca, for they 
were agglutinated readily by the immune serum of the caecal 
bacteria in dilutions as high as 1--500. No dilutions higher 
than this were tried, but from the readiness with which clump- 
ing was produced in this concentration, we may infer that the 
reactions would certainly have been reliable in dilutions 
twice as great. 


In this work the macroscopic method was relied upon almost 


entirely, the dilutions being made in small, 6 or 7 mm., test 


tubes. It was found that while serum from the immunized rat 


. | ae yeoimoumeed Aguse Sede od ee Cee 
OnD OTe OF Oe» ae “CO Of wi SBE; RP, i 
a at a! F Ss : 


CRP. 


& 


— geet ats ae gupetoehad fet thy eee 
“Vain 


¢ c9ch godtyaviaeeos off. Rie 


*y 


$ Peel 
¢ faa j é * 7 
ait ‘ ty" * E | 5 ‘ Ae: r dune 4 ry LOO Ca ens Leek _ ; 


me F 


; mi 
yer Aes ' ; $ . ia, (ok oa ab a aad 7 
4 i 


, sed. RD paces’ oh 8 oe. a 
He ? teh s \ 


ide geht oura . jopiee of dace) WoRger os aie 


cet? Gover cere Sale bree Dawe SOy2%: feo 
# 


« 
d Yerroeiitis Sc Oo ee Secs oa sore as atin i 


3 tao? yreve i “oreeneee 


6 


> "i 2) a r ‘ 
. 1. hte tld ee Bevuttne 2ecder ie 
: ‘ eo8.. j ves a ae ¥ 
s a ie Pr y : 
joie aad <a em see 
“a 
i. a ah = ron 5 
i) : iS . .? a it ra | ry se ae. Tre, A 
ial ; 
; e 


fF 
a 


es * “ J bi + * os » 
[ ’ 704.8 ie Pw tvs baw ” LIEO0 
) me : ¢ - Y r { el ee ed ¥), wie 

1 . - 


——- a” _ 
~ + a ere 3 “FF . ; Ce Lwietl > Antagie g' 


t tit of yOO0--£-82 ite id, ee Oa ROE lOc 


anbhsey gf? Mort mb eles 


+ 


‘3 bet oF « ow {to tondeienep qinz hl hess 


Lies ened ara VLA Lasceoe DS 
i ’ f 


a 1) = ek BSG 


ee ar ha hte yan tom mae oe ead 


—. i E Lie s oft matee sayl 


(38) 


would regularly produce complete clumping in high dilutions 
in three or four hours, when incubated at 35° C., the normal 
serum in these same dilutions gave no trace of the reaction. 
It showed no more flocculation than regularly took place in 
the untreated cheeks, although there does appear to be a 
slight reaction in dilutions as high as 1--20 where normal rat 
serum is used. 
From a careful study of the bacteria as they occur in the 
ecaeca of the different Heteroptera, supplemented by the re- 
sults of this culture work, it seems highly probable that many, 
and perhaps all, of -the different and highly characteristic 
forms observed in the caeca of so many of these insects are re- 


ally abnormal involution forms of an organism presumably some- 


thing like the caecal bacteria of Anasa tristis. This cannot 

be certainly determined, however, until at least a few of these 
peculiarly shaped organisms have been cultivated beyond ques- 
tion. It will be remembered that during the culture work with 
the caecal bacteria of Murgantia histrionica, growth was se- 
cured from a small percent. of the insects that had been dead 


for some time. The organism isolated was a short, motile forn, 


very similar in shape and size to the bacteria from the caeca 
of Anasa tristis, but as there appeared, at the time, no way of 
determining whether these really represented the true caecal 
organism, or were merely accidental invaders which had appeared 


after the death of the insect, the cultures were discarded. 


Evidently the only perfectly reliable method available in 
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a case such as that described for Murgantia, is the agglutin- 
ation test as applied to the cultures from Anasa tristis--im- 
munization with the bacteria of the particular insect studied, 


direct from the caeca, and testing the resulting serum against 


any doubtful cultures obtained from these organs. 
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ORIGIN OF THE CABCAL INFECTION IN THE HETEROPTERA 


At an early stage in the work it became evident that one 


of the first things to be determined was the exact time and 


manner in which the infection with the caecal bacteria norm- 
ally takes place. Assuming that the normal bacteria would de- 

; velop readily in artificial cultures, the next essential step 
would be to differentiate between this organism and any of 
the common saprophytic or parasitic forms that are so fre- 
quently met with in the alimentary cena) of most insects, and 
which would naturally be expected to appear also in cultures 
from the caeca. Until the identity of the normal species in | 
culture could be established beyond question, it would clearly 
be useless to undertake any time-consuming study of the physi- 
ology of any of the organisms that might be isolated in an at- 
tempt to correlate this with the digestive processes in the 
insect; and at the commencement of the work it appeared that 
the only possibility of certainly differentiating between the 
normal bacteria and the contaminating forms that might appear, 
was in some way to secure insects free from the infection, 
and then by direct feeding experiments to determine which were 
really the "caecal" bacteria. 

The normal bacteria are present, not only in the caeca, 

but also in considerable numbers free in the alimentary canal 


of the host and, as might be expected, they also occur in the 


brownish, liquid excrement of the insect. It is easy to im- 
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agine from this how the surroundings might be very highly con- 
taminated with this organism, especially in the case of many 
of the common gregarious, phytophagus Heteroptera, such as the 
chinch-bug, the squash-bug, or Murgantia. It is a very com- 
mon habit with these insects, as I have frequently observed, 
especially when in the immature condition, to sample with their 
beaks any drop of liquid that they may find; such as drops of 
dew, drops of sap exuding from wounds in the host plant, or 
even the liquid excrement from other individuals. 

From these facts, and since the bacteria appeared to be 
limited to the alimentary canal of the host, it was assumed 
that the infection probably occurred by way of the mouth and 
that the alimentary canal was doubtless invaded at some time 
during the early nymphal life of the insect. 

Proceeding on this assumption, it was planned to rear the 
insects from the egg in sterile cages in order to have mater- 
ial for use in infection experiments with the different organ- 
isms that might be isolated from the caeca. Anasa tristis was 
selected at first for this rearing work, since the eggs of this 
species are very easily obtained in yguantities at any time dur- 
ing the summer, and also because they are perfectly smooth and 
readily sterilized. As it was planned at first, the rearing 
of these sterile bugs should have been a comparatively easy 
matter. Since it was found that this insect is able to live 


and develop fully as well on the squash itself as upon the sap 


of the vine and leaves, the only essential equipment for a 
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breeding cage would have been very simple indeed. The breeding 
cage, as I had intended to arrange it, was to have been merely 
a rather wide necked Ehrlenmeyer flask of something like 500 
c.c. capacity, plugged with cotton and sterilized. Small 
pieces of squash, removed aseptically, were then to be intro- 
duced into the flask, together with the sterilized eggs of the 
squash bug. 

As a preliminary to this breeding work, experiments were 
carried out to determine whether aseptic material could be 
readily secured from the squash, and especially whether the 
eggs of the squash bug could be sterilized effectively without 
interfering with the subsequent development of the embryo. It 
was found that with a little care, pieces could be removed from 
a@ squash without any risk of contamination; and it was also 
found that the development of the eggs of the squash bug was 
in no way hindered by a very thorough treatment with mercuric 
Pieridae. When such eggs were placed in bouillon as a check 
on the thoroughness of the disinfection, they would remain ap- 
parently sterile for a period of three days or more and then, 
at about the time the experiment should have been considered a 
success, an abundant growth would suddenly appear which appar- 
ently consisted of a number of different contaminating organ- 
isms. This test was repeated a number of times, with certain 
variations in the method of disinfection. It was thought at 
first that perhaps the film of air surrounding the egg prevent- 


ed the aqueous bichloride solution from doing effective work, 
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and the eggs were accordingly first maistened with alcohol to 
remove the film of air; but no matter how thorough the disin- 
fection was made, the confusing growth almost always appeared. 
Since there could be no question but that the surface of 
the eggs had been completely sterilized, there remained noth- 
ing but to conclude that the contaminating organism or organ- 


isms were within the egg itself. 


As is well known, the eggs of birds may sometimes contain | 
bacteria while still in the oviduct, and before the shell has 
been laid dow, so that when the shell is formed they are in- 
cluded within it. There is no reason why the egg of an insect 
should not become contaminated in much the same way, and it was 
thought at first that this must be the case with the eggs of 
the squash bug. This species was accordingly abandoned, since 
it was clearly out of the question to rear sterile individuals 
of it. A little later in the season a few eggs were secured 
from specimens of Murgantia histrionica that had been received 
from Dr. W. E. Hinds, of Auburn, Alabama; and it was decided, 
as a last resort, to test these to see if they were also con- 
taminated. These eggs were given exactly the same treatment 

as had been given those of the squash bug; but instead of de- 
veloping the contamination that appeared so constantly in the 
Squash bug eggs, they invariably remained sterile and showed 

no growth whatever, even when crushed immediately upon being 


placed in the bouillon. 


Before undertaking the rearing work on Murgantia that was 
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logically opened up by these negative results, it was decided 
to determine just how long after hatching the infection re- 
ally occurs under normal condition. A fairly complete series 
of the immature stages of this insect was available at the time, 
and starting with a half grown nymph, the caeca of successively 
younger individuals were examined until a stage only a few 


hours old was reached without finding a single specimen free 


_ from the infection. The next step was to examine a nymph inm- 


mediately after hatching and before there was any possibility 
of its having fed; and as the caeca of this specimen also 
proved to be infected, it became evident that the caecal or- 
ganism itself must be transmitted directly through the egg. 

In order to establish this point beyond question, embryos 
of Mkturgantia in different stages of development were examined, 
and it was found that in an embryo taken as early as forty- 
eight hours before the time for hatching, the organism which 
had been found uniformly in all the post-embryonic stages of 
the insect, also appeared in the embryo. The bacteria appear 
in that section of the gut which is due to develop into the 
caecal apparatus of the adult insect and which, owing to its 
pink color, can readily be distinguished from the other embry- 
onic divisions of the alimentary canal. 

While the bacteria from the embryo of Murgantia, twenty- 
four to forty-eight hours before hatching, are comparatively 
very few in numbers, they nevertheless show the same charac- 


teristic, spiral forms that are met with in the adult, although 
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those from the embryo are usually much shorter and decidedly 

more difficult to stain. A considerable number of embryos of 
this insect were examined in this way and, without exception, 
the caecal region in all was infected with the same peculiar 

contorted organism. 

These observations on Murgantia naturally suggested that 
the apparent contamination from the eggs of the squash bug 
might also have been due to the caecal bacillus of this insect 
carrying through the egg in a similar manner; although the 
fact that no growth was secured from the eggs of Murgantia, in 
which the caecal bacteria had been demonstrated microscopically, 
was rather unfavorable to this view. This fact also seemed to 
indicate that perhaps the caecal organism was so closely ad- 
justed to conditions in the body of the host insect that it 
would not develop readily on artificial media. 

At this time no more eggs of the squash bug were available, 
and the cultures from them had all been discarded as of no sig- 
nificance; but the following season, when the matter was 
again investigated in the light of these new facts, it was 
found that the cultures that developed so regularly from the 
eggs of this insect were identical with those that were also se- 
cured from the caeca, and that instead of containing a number 
of contaminating organisms, the growth really consisted of a 


pure culture of the caecal bacillus. The reason for believing, 


at first, that the cultures from the eggs represented more than 


one organism and the fact that no growth was secured from the 
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eggs of Murgantia are discussed in connection with the regular 
culture work; and it is enough to say here that when ordinary 
care was taken in the disinfection of the eggs of Anasa tris- 
tis, the resulting growth was invariably a pure culture of the 
caecal bacillus. 

It was also established for a number of other species, in- 
cluding the lygaeid, Blissus leucopterus, that the bacteria 
are present in the caeca of the nymph immediately after hatch- 
ing, and consequently, at a time when all outside contamination 
could be excluded; but it was considered a piece of unneces- 
sary routine to attempt to carry the examination back into the 
embryo of these forms as had been done in the case of Anasa 
tristis and Murgantia histronica. 

The exact manner in which the caecal association developed 
in these insects can, of course, only be surmised. It is pos- 
Sible that the present normal bacteria were formerly pathogenic 
for the host, and that the caeca as they now'exist, originally 
developed from true pathological structures formed as a result 
of the invasion of the tissues by these organisms; or the bac- 
teria may originally have been merely saprophytic forms, pecul- 
iar to this section of the alimentary canal, which gradually 
became adjusted to an existence in the caeca. 

One factor that might be regarded as supporting the first 
view is the fact thet the bacteria are, to a certain extent, 
intra-cellular; and it is easy to imagine how these organisms, 


originally attacking certain of the epithelial cells of the gut, 
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might have stimulated the formation of pathological caeca, 
which, being incidentally of some use to the host, were pre- 
served and even greatly elaborated in structure. There is 
somewhat better reason for believing, however, that the caeca 
were originally independent organs which finally came to be oc- 
cupied by the normal bacteria, and this subject will be taken 
up under the discussion of the caeca themselves. 

That the infection is regularly transmitted through the 
egg from generation to generation is very evident from the 
above facts; but this does not necessarily mean that the or- 
ganism is so closely bound up with the host as to exclude the 
possibility or even the importance of infection from without. 
One hardly believes that reinfection by way of the mouth, 
whether an important factor in the association or not, is not 
constantly taking place, at least from the excrement of other 
individuals if not also from some undiscovered form of the or- 
ganism that may exist normally as a free saprophyte. 

As is well known, certain pathogenic blood parasites, as 
the spirochaets, are regularly transmitted through the egg 
from one generation to succeeding generations of the intermed- 
iate host, which is a tick in the case of Spirochaeta duttoni. 
It has been established, in this particular case, not only that 
the mother that swallows the infected blood may transmit the 
parasites to her young, but that their descendants, although 


allowed to feed only on clean animals during their entire life 


time, may also pass this second-hand infection on to their 
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young. Transmission may not stop even here, as it has been 
clearly established that it may continue in this way for at 
least three generations of ticks. 

Just why this process should not go on indefinitely, when 
once the infection is acquired by the tick, is not clear; but 
evidently it does not, as only a comparatively small per cent. 
of the individuals of Ornithodorus moubata are able to trans- 
mit the disease to man. 

In order for the association to continue, repeated in- 


> yee with the blood- inhabiting forms of the spirochaets, 


went LAtou fl 


Tica + that they gradually degenerate in passing through a number 
of generations of the host, so that for a continuance of the 
association a periodical reinfection with a more vigorous 
strain from some outside source is required. While the occur- 
dinee of a similar relation in the Heteroptera is by no means 
certain, there are a number of facts pointed to both by direct 
observation and by analogy, that would seem to favor this view 


rather than the theory that the bacteria are confined strictly 


to their insect hosts and are transmitted indefinitely from 


generation to generation through the egg. 

One reason for the first view is that in certain of these 
insects, as in Murgantia and in many other pentatomids, the 
bacteria really appear to be existing under marked difficulties 
of some sort, as indicated by the proportion of involution 
forms and the constancy with which they appear in the caeca of 


these insects ,and also by the fact that the majority, at least, 
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are apparently unable to develop any longer on artificial 
media. 

Another case that may throw some light of analogy on this 
question is that of the well known symbiotic relation between 
certain green turbellarians and their associated algae. Num- 
erous attempts have been made to cultivate these algae on ar- 
tificial media, but uniformly without success. This was some- 
times explained on the theory that these two organisms had 
been associated in this relation for so long that the alga had 
completely lost its ability to develop in the free state, and 
was now totally dependent on the animal as is often the case 
in many of the more highly specialized parasites. This is cer- 
tainly a very reasonable view but it has recently been discov- 
ered that the zoochlorellae, although exerting a profound in- 
fluence on the metabolism of the host, do not represent the 
typical organism any more than the Leptus irritans stage could 
be taken as representing the true life cycle of the particular 
species of Trombidium to which it powers: The zoochlorellae, 
like Leptus irritans, really represent an abnormal departure 
from the regular development of the species. The form to which 
these symbiotic algae belong is really a typical, free living, 
flagellated organism, which is normally free during its entire, 
regular life cycle, the zoochlorella stage representing merely 
those individuals which chance to be swallowed by the worm. 

The free living stage of this organism will grow vigorously on 


artificial media and infection is found to take place readily 
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from pure cultures, but in the case of the organism direct 

from the tissues of the host worm it has been found not only 
that they will not develop on artificial media, but that they 
have been so modified by their short existence in the body of 


the host, that they are not even able to set up the infection 


| in clean worms although they may be swallowed in quantities. 
In certain coelenterates the relation of the alga to its 

host animal appears to be better established than in the plan- 
arians, as in Millepora; at least they are found in the egg 
and appear to be transmitted through the egg for at least one 
generation; although there is a possibility that the inclusion 
of these organisms in the egg is a mere accident and that the 

| chief source of infection is the free living stage of the alga 

| which is continually being swallowed by the animal. 

| The only other bacterial infection in insects directly 
comparable with that in the Heteroptera is one whose relations 
have been worked out by Petri for the little olive fly, Dacus 
oleae--a subject which will be discussed in detail in another 
place. In this insect the bacteria, which are also intestinal 
forms, are present in the larva as well as in the adult and, 


according to Petri, there is a complicated modification of the 


intestinal bacillus. Petri at first very naturally reasoned 


| 
ovipositor which functions as a secondary reservoir for the 
| that since these bacteria were present in larvae that had 


hatched from eggs laid by sterile flies in sterile olives, the 


organism must be transmitted through the egg; but in his lat- 
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er work he concludes that this is not the case, and he finally 
decided that infection normally took place in the following 
manner:- When the fly deposits its egg in the fruit of the 
olive, a quantity of the bacteria from the special structures 
in the base of the ovipositor are also introduced and infec- 
tion only takes place when the young larva, upon hatching, 
swallows some of the surrounding bacteria. Petri also isol- 
eta a chromogenic organism from the soil of olive orchards 
and from various parts of the olive tree which he regards as 
identical with that from the intestine of Dacus, and he seems 
to think that the insect originally developed its infection 
from this free, saprophytic forn. 

The organism isolated so uniformly from the eggs and caeca 


of Anasa tristis clearly belongs in the large group of flour- 


escent bacteria that are so common in water and in soil gener- 


ally. A number of strains of these saprophytic flourescent 
organisms have been isolated and studied from the soil about 
Squash vines and from the squashes themselves; and they 
clearly belong in the same group with the caecal bacillus of 


Anasa tristis, although certainly none of them are identical 


with it. 
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FUNCTIONAL RELATION OF CAECAL BACTERIA TO THE HOST INSECT 


as In considering the possible relation of the caecal bac- 


teria to the life processes of the insect, a digestive function 
is at once poeestod on account of the great number and appar- 

ent limitation of these organisms to the digestive tract of 

the host. One point, however, that was rather puzzling and de- 
cidedly difficult to understand on this basis was the peculiar 

localization of the infection in relation to the digestive por- 
tion of the gut. 

Digestive caeca are very common in other groups of in- 
sects, occurring notably in the Orthoptera, Coleoptera, and 
Diptera, as well as in several other orders, but with one or 
two isolated exceptions these organs are invariably located at 
the anterior end of the midgut, often serving as reservoirs 
for the food in which certain definite digestive processes 
take place. In the Heteroptera, however, the caeca, and con- 
sequently the intestinal bacteria, are located at the very 
posterior end of the midgut, and these organs appear to have 
lost their direct digestive function, since neither they nor 
the fourth stomach itself ever appear to contain any food, the 
last stages of digestion apparently taking place in the third 
stomach, which is usually found to contain some material in 
process of digestion. Just how to correlate the singular lo- 
calization of the intestinel bacteria in these insects with - 


any digestive process was by no means clear, and this remained 
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more or less of a mystery until explained by culture experi- 
ments. 
It is a well known fact that most insects, whether feed- 


ing on solid or liquid food, support a great variety of sapro- 


phytic and parasitic bacteria and protozoa in the alimentary 


canal. This relation is especially marked in those insects 
feeding normally on solid materials which may be more or less 
contaminated in the beginning, but it also applies to sucking 
insects which feed normally on sterile liquids, although such 
insects are usually less heavily infected. Mosquitoes and 
other blood sucking insects are excellent examples of this, 
for while they feed on the normally sterile blood of verte- 
brates they usually contain a great variety of bacteria and 
flagellate parasites in the stomach and intestine generally 
which clearly have no relation to the vertebrate from which 
the food was secured. 

Early in the work a peculiar infection was observed in 
Peribalus limbolaris, a pentatomid in which the caeca are well 
developed. In the specimens of this species, collected from 
certain localities, fully ten per cent. of the individuals 
showed an extremely heavy infection of the large sac-like res- 
ervoirs of the salivary glands with a flagellate of the 
Herpetomonas group. This organism was apparently going through 
a normal developmental cycle in these organs, as all stages 
could be readily observed, ranging from minute, rounded or 


pear-shaped, non-motile bodies, with a distinct nucleus and 
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blepharoplast, but with no flagellum, to the long, slender, 
typical Herpetomonas stage. Multiplication rosettes were also 
abundant, showing that the organism had evidently fully es- 

: tablished itself in these organs. Infection with organisms 

: very similar to the species found in Peribalus have been ob- 

: served and described in connection with a joey large number 

: of different insects, including especially many Diptera and 

predaceous Heteroptera, but so far as I have been able to dis- 
cover, these infections have been confined strictly to the 
stomach and intestine and are never known to occur in the sal- 

; ivary glands. 

| In working up the development of the Herpetomonas from 

Peribalus, the alimentary canal was searched very carefully 
in a large number of individuals, as it was thought that the 
organism observed in the salivary glands probably represented 
the final stage in the life history of some intestinal form; 
but although a very thorough search was made, not the slight- 
est indication was found of an invasion of the midintestine by 

almost completely filled with them. 

Z Some time later, upon examining specimens of Podisus mac- 
uliventris, an insect of the same family, but in which the 
caeca are wholly wanting, a similar infection was observed. 
This time, however, the alimentary canal was the seat of the 
infection; and although a very careful examination was made 


this parasite, although the salivary glands often appeared 
of the salivary glands in specimens showing a very heavy in- 
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testinal infection, these organs were found to be invariably 
free from any infection with the flagellate. In Prodisus the 
infection appears to be remarkably common, fully fifty per 
cent. of the specimens from some localities containing this 
parasite. The third stomach seems to be the place of great- 
est multiplication of the flagellates in this insect, and not 
only the Herpetomonas but also various forms of foreign bac- 
teria were observed in this region. This is in marked con- 


trast to the condition found in the midgut of those forms 


which are provided with caeca; for of the hundreds of typi- 


cal pentatomids examined, flagellates were found in the ali- 
mentary canal of but two specimens of Coenus delius, which 
were apparently on the point of dying when dissected, and in 
these the parasites were confined chiefly to the first stomach 
instead of reaching their greatest development in the third 
stomach as in Podisus. 

“Por a long time after the singular infection of the sal- 
ivary glands in Peribalus had been observed, no satisfactory 
explanation could be offered for the strict localization of 
the typical intestinal flagellates in these organs. It was 
not realized at first that there might be some possible con- 
nection between this phenomenon and the bacteria normally in- 
fecting the caeca of the insect, but later when this case was 
compared with similar tect iéns in such forms as Podisus, in 


which the caeca were wholly wanting, it seemed that the caecal 


bacteria must in some way be responsible, and this view was 
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later confirmed by direct culture experiments. 


=" We may assume that these Herpetomonas parasites, upon be- 


ing continually introduced into the alimentary canal of Peri- 
balus, and being unable to develop in the midgut in the pres- 
ence of the antagonistic caecal bacteria, gradually become 
adapted to a life in the bag-like salivary reservoirs instead 
of being excluded entirely as was apparently the case in most 
other Heteroptera in which the caeca are present. 

As a result of the apparent failure in the culture work 
with Murgantia and the other Pentatomidae followed by the suc- 
cessful cultivation of the caecal bacteria from Anasa tristis, 
it became evident that at least one perfectly clear-cut func- 
tion possessed by these organisms, whether of profound impor- 
tance to the host insect or not, was the antagonism which they 
certainly exhibit towards other bacteria and protozoan para- 
sites which would normally be expected to occur in the intes- 


tine of such insects. 


2 In the culture work on the Pentatomidae it was found that 


the entire caecal system of one of these insects could be re- 
moved and dropped directly into a tube of bouillon or other 
media, where it would remain for a month or more without a 
trace of growth developing. This was not an occasional ocecur- 
rence, but was invariably the result secured where the Penta- 
tomidae were used and demonstrated conelusively that the caecal 


bacteria are not only antagonistic to the ordinary saprophytic 


and parasitic bacteria, but prevent their development entirely, 
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and apparently kill them when they invade the alimentary canal 
of these insects. 
pe. In the somewhat similar association described by Petri 
for the larva of Dacus oleae the bacillus concerned was found 
to secrete an active lipolytic enzyme which presumably as- 
sisted the insect in digesting its oily food, but unfortun- ' 
| ately Petri apparently did not consider the possible antagon- 
3 ism of these caecal bacteria of the fly toward the forms which 
| commonly invade the alimentary canal of such insects; and it 
is consequently impossible to say whether the caecal bacteria 
of the little fly resemble those of the Heteroptera in this re- 
gard or not. 
a In regard to a digestive function for the caecal bacteria 
of the Heteroptera, it can only be said that in cultures these 
bacteria apparently secrete no enzyme that could be of any 
evident assistance in the digestive processes of the insect, 
and this agrees perfectly with the peculiar localization of 
these organisms at the extreme posterior end of the digestive 
portion of the gut, which in itself would render the probabil- 
ity of their assuming an important part in the digestion of 
the insect extremely small, even though they had been found to 
secrete important digestive enzymes. 
ee The deficiency in mons pvednstion shown by these organ- 
isms will be taken up in connection with the culture work, and 


will not be discussed here; although it might be mentioned 


that when the caeca, together with a considerable section of 
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the intestine was removed, as in the Pentatomidae, and dropped 
into a tube of bouillon, the tissues would remain white and 
apparently normal in every way for several weeks, or longer, 
although crammed full of the caecal bacteria. This would show, 
at least, that the caecal bacteria do not secrete a proteo- 
lytic enzyme. The same pecularity was also observed in cul- 
tures from Anasa tristis, the tissues remaining unchanged even 
after the cultures had been growing vigourously for a week or 


more. 


he In the case of certain of the intestinal bacteria of the 


higher vertebrates, there is a well known association existing 
between these organisms and the host that is remarkably simi- 
lar in many ways to the one just described for the Heteroptera, 
although as might be expected, it is complicated, in this case, 
by a vast number of factors that do not have to be taken into 
consideration in a treatment of this relation in the much more 


Simple insects. 


a Practically all the higher animals harbor certain var- 


ieties of intestinal bacteria which have become so intimately 
associated with the host that they are generally referred to 
as the "normal" intestinal bacteria; and there has been a 
tremendous amount of work done in the attempt to determine the 
exact functional importance of these organisms from the stand- 
point of the host. As might be expected, by far the greater 
part of this work deals directly with those forms peculiar to 


man and the higher vertebrates, but as many of the principles 
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have been worked out for the association in these ani- 


throw a great deal of light on conditions as they exist 


she Heteroptera, the following very brief summary of the 
ertinent work that has been done on this subject should not 


it of place. 
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IMPORTANCE OF THE "NORMAL" INTESTINAL 
BACTERIA TO THE HOST 


_ The fact that certain specific bacteria occur with re- 
markable regularity in the complex intestinal florapf the 
higher animals was early recognized by bacteriologists, and 
this knowledge naturally led up to an extended discussion con- 
cerning the true relation of these "normal" intestinal bac- 
teria to the animal harboring them. 
.™ As early as 1885 Duclaux, by a simple experiment estab- 
lished the fact that the higher plants are unable, in them- 
selves, to utilize the more complex forms of nitrogen and that 
they are absolutely dependent upon the action of certain 
classes of bacteria normally present in the soil for their sup- 


ply of this essential element of plant food. 


oe In the same year, in commenting upon the results secured 


Ww 
by Duclanx for plants, Pasteur gives with characteristic di- 


rectness his views concerning the relation of intestinal bac- 
teria to the assimilation of higher animals. In the following 
well known auotation he says: 

oe “Souvent, dans nos causeries du laboratoire, depuis bien 
des années, gai parlé aux jeunes savants qui m'entouraient, 
de l'intérét qu'il y aurait & nourrir un jeune animal (lapin, 
cobaye, chien, poulet), dés sa naissance, avec des matieres 


s = * \ * J 
nutritives pures. Par cette derniere expression, j'entends 


7 
designer des produits alimentaires qu'on priverait artifici- 
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ellement et completement des microbes communs. 


Pail "Sans rien voulair affirmer, je ne cache pas que j'en- 
treprendrais cette étude, si j'en avais le temps, avec la 
/ a ‘ me F - 
pensée precongue que la vie, dans ces conditions deviendrait 


impossible”. 
Although the above hypothesis has excited a vast amount 


oe discussion, and although a number of very elaborate exper- 
iments have been carried out to test it, the exact relation 
of the "normal" intestinal bacteria to the animal harboring 
them is, as yet, by no means definitely settled. Thus, some 
authorities advance the idea that these bacteria are merely 
saprophytic forms which, through long association, have become 
adjusted to conditions in the digestive tract where they ex- 

} ist without exerting any important influence upon the host, 
unless perhaps in exceptional cases, when they may assume the 
role of active parasites. Others hold, on the contrary, that 
their presence is of very great importance in the overgrowing 
and destroying of the occasional invader, which if allowed to 
develop unchecked might seriously injure the host, and also 
in the inhibitory action which they exert upon the common pu- 
trefactive intestinal bacteria; while still others assert 
that, in addition to the function just mentioned, these bac- 
teria not only play an important part in, but are absolutely 
essential to proper digestion, at least in the higher animals. 


Le The first serious attempt to determine by actual experi- 


ment the part played by intestinal bacteria in digestion ap- 


pears to have been made by Nuttall and Thierfelder in their 
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classical experiments with guinea pigs. In these experiments 
the young animals were removed from the mother by Caesarian 
section and transferred at once to ingeniously constructed 
cages where they were kept under absolutely aseptic conditions 


and supplied with sterile food and water. Under these condi- 


tions the authors were able to keep the animals alive for ten 


days, at the end of which time they were found to have increased 
considerably in weight. Of the four animals carried through 

the experiment the increase in weight was found to be 5.5, 14, 
16 and 28 grams respectively. 

From their data the authors conclude that intestinal bac- 
teria are not essential to digestion and their results have 
been widely quoted by physiologists as showing that the intes- 
tinal bacteria are at most of only minor importance in this 
process. 

The results of these experiments are far from being con- 
clusive, as has frequently been pointed out. Thus, Schottel- 
ius was able to keep new-born guinea pigs alive for ten days 
by giving them nothing but sterile water. The same author 
also found that the intestinal contents of a normal ten-days- 
old guinea pig weighed from twelve to fifteen grams, and in 
this case the intestine was not completely filled; while 
Muttall and Thierfelder, upon examining the pigs at the con- 
clusion of their experiments, found that the colon and expec- 


ially the caecum were crammed full, and even greatly distended, 


with a brown caseous material. Schottelius insists that this 
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constantly accumulating mass of undigested food in the intes- 
tine would much more than account for the increase in weight 
reported by Nuttall and Thierfelder and that, instead of in- 
creasing in weight, their animals must have been actually 
starving because unable in the absence of the proper intestinal 
bacteria to digest the food swallowed. | 

Pasteur's hypothesis as to the function of intestinal bac- 
teria was, a few years later, again tested experimentally by 
Schotteluis, who, after carrying out a carefully planned series 
of experiments, arrived at conclusions decidedly different from 
those of Nuttall and Thierfelder. 

In the experiments of Schottelius chickens were used in- 
stead of guinea pigs. The artificially incubated eggs were re- 
moved and carefully sterilized shortly before the time for 
hatching and placed for hatching in a specially constructed, 
sterilized cage, together with sufficient sterile food and water 
to last throughout the course of the experiment. It was found 
that chicks hatched and reared in this way, with the total ex- 
clusion of bacteria, showed but very little growth; and while 
they continued to eat ravenously, being apparently unable to 
satisfy their hunger, they gradually became weaker and after an 
apparent slight increase for the first few days invariably died, 
usually within twenty-five days or less after hatching. 

In the control cages, which contained chicks treated in 


exactly the same way except for the addition of a pure culture 


of a colon bacillus to the food, the young animals developed 
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normally in every way and even appeared to show slightly better 
growth than chicks of the same age which had been allowed to 
run free in the laboratory as a counter check. 

These results are regarded by the author as showing con- 
clusively that intestinal bacteria, especially of the Bacillus 
coli type, are absolutely essential to mreger atsoetion in 
chickens and that they doubtless have a similar function in 
other animals. He summarizes as follows the precise manner in 
which he thinks the normal bacteria influence the host: 

"1. Die Darmbakterien sind notwendig fur die Erna&hrung 
der Wirbeltiere und fur den Menschen; 

2. der Nutzen der normalen Darmbakterien besteht: 

a) in der Vorbereitung der Ingesta fur die Resorp- 
tion der Nahrungsstoffe 
in der Reizung der Darmwand zur Auslosung der 
Peristaltik. 
in der Uberwucherung und Vermichtung pathogener, 
in den Darm hineingelangter Bakterien. 

ad) in der Festigung des Kérpers gegen pathogene 
Bakterien und gegen Bakteriengifte." 


Similar experiments with the same end in view have been 


4 
carried out by Moro and by Mme. 0. Metxchnikoff on newly hatched 


tadpoles, Moro working with Pelobates fuscus and Mme. Metschni- 
koff with Rana temporaria. The results secured by these two 
workers seem to point to some important digestive function for 


the intestinal bacteria, although the results in neither case 
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appear so conclusive as those given by Schottelius for his work 
with chicks. In the work of Metschnikoff, for example, the 
nearly mature embryos were removed aseptically from the gel- 
atinous, enveloping layer and allowed to develop in vessels of 


sterile water under aseptic conditions. Of forty-nine tadpoles 


which survived the first few days of the experiment, forty-two 


developed accidental contamination, and seven remained sterile 
throughout the experiment. 

Although for some reason the mortality was much higher 
among the non-sterile tadpoles, and although the sterile ones 
actually lived longest, the development of the sterile ones 
was much slower than that of the non-sterile, the minimum weight 
and length of the non-sterile corresponding closely to the max- 
imum of the sterile. These results, however, are regarded by 
the author as sufficiently conclusive to warrant the assertion 
that intestinal bacteria are necessary for life and development 
of tadpoles. 

Cohendy, on the other hand, in duplicating the work of 
Schottelius on sterile reared chicks secured results which he 
regards as proving conclusively that bacteria are in no way 
necessary to the normal development of the chicken; and he ac- 
counts for the results of his experiments as constrasted with 
those of Schottelius as being due to the superior technique 
which he claims to have employed. In the course of this work 
he was able to keep chicks under strictly aseptic conditions 


for a maximum of forty days during which time the animals de- 
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veloped normally, there being no essential difference in growth 
and metabolism between the sterile chicks and those kept as a 
check, and the sterile chicks when placed under natural con- 
ditions, after having been kept wholly free from bacteria for 

a considerable time, developed into perfectly normal adults. 
His conclusions, which are quite different from those of 


Schottelius, are: "La vie sans microbe est possible pour un 


vertébré--le powlet--pourbn normalement d'une riche flore mi- 


crobienne. Cette vie aseptique n'entratne par elle meitte 
aucune déchéance de l'organisme." 

Insects and other invertebrates have been employed by a 
number of investigators, as Bogdanow, Woolman, and Delcourt 
and Guyenot, for working out this same problem. Of these the 
work of Delcourt and Guyenot is especially notable, for while 
no vertebrate has, so far, been carried successfully through 
its normal life cycle in the total absence of intestinal bac- 
teria, these authors have succeeded in keeping flies of the 
genus Drosophila for as many as twenty generations under aseptic 
conditions, finding that growth in the sterile cages was per- 
fectly normal and fully as rapid as in similar but contaminated 
cages. It also developed that the mortality was remarkably re- 
duced, the eggs almost all hatching from the sterile flies, 
while in the septic cages whole broods would frequently die. 

Bogdanow and Woolman, who also worked with flies, chiefly 
lucilia caesar and Calliphora vomitoria, both succeeded in 


rearing these insects with the exclusion of bacteria, but their 
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conclusions as to the importance of intestinal bacteria in 


growth and development are somewhat different. Bogdanow found 
that, while the larvae would develop under these conditions, 


growth was greatly retarded, and practically all died at or be- 


fore pupation although one would occasionally pupate and de- 


He concludes that his experi- 


velop into an undersized fly. 
ments show that bacteria, probably those species which deconm- 
pose protein, are necessary to the normal development of these 
flies. 


Woolman, however, was able to carry the larvae through 


from sterile eggs to normal adults. 


During the first few days 
after hatching the growth of the sterile maggots was notice- 
ably slower than in the septic cages, but later this difference 
tended to disappear, and when mature the sterile larvae showed 
practically the length and weight typical for the species, pu- 


pated, and developed into perfectly normal adults. This slight 


check in growth shown by the maggots at first, was attributed 
by the author to the sterilization of the media at too high a 
temperature, as it was found that the difference in rate of de- 
velopment largely disappeared when the food was sterilized by 


the discontinuous method at low temperatures. Maggots hatched 


from sterile eggs were also treated with cultures of various 
bacteria, including Bacillus coli, Bacillus proteus vulgaris, 
Bacillus putrificus, and others, in order to determine the 
part taken by proteolytic bacteria in development, as suggested 


by Bogdanow, but the infected larvae developed no more rapidly 
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than the sterile ones and where Bacillus putrificus was used 
- growth was clearly retarded and the larvae died regularly be- 
fore reaching the proper stage. Woolman concludes that: "Cet 


example d'un etre qui, a l'etat naturel, semble vivre en as- 


sociation etroite avec les bacteries, montre clairement que la : 
vie animale est possible en dehors de toute intervention des 
microorganismes." 

It can hardly be doubted that many insects, such as those 
living parasitically in the body cavity of the host, normally 
exist during the greater part of their life cycle in the total : 


absence of bacteria; and according to Portier this is also 


true of the larvae of certain leaf mining micro-lepidoptera. 
fhis author found that about 30% of the Lithocolletis larvae 
infesting oak, elm, etc., were wholly free from bacteria and : 
that practically 100% of the larvae of a species of Nepticula 
infesting the rose and which do not void the excrement on the 
exterior of the mine were also sterile. | 
Notwithstanding the direct experimental evidence in sup- | 
port of a digestive function for intestinal bacteria, as ad- 
vanced by Schottelius and others, the view appears to be gen- 
erally held by physiologists, largely on account of the char- 
acteristic limitation of the different classes of intestinal | 
bacteria to certain well defined regions of the digestive 
tract, that in the higher animals at least, the actual solution 


of the nutrient materials in the food, in the absorptive por- 


tion of the gut, is performed chiefly if not entirely by the 
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digestive secretion produced by the animal itself and that the 
chief function of the "normal" intestinal bacteria consists, 
not in any direct action on the food in preparing it for re- 
sorption, but rather in preventing indirectly the undue multi- 
plication of injurious forms which are continually invading 
the intestine of the host. 

There appears to be little question that the normal in- 
testinal bacteria of higher animals, such as the groups re- 
presented by Bacillus coli, Bacillus (lactis) aerogenes, and 
Bacillus bifidus, do possess definite antagonistic properties 
for the less perfectly adapted species, although the exact 
mechanism of this antagonism has been explained in a number of 
different ways. Some would account for this phenomenon as be- 
ing due largely to overcrowding, with consequent starvation of 
the less hardy species. The normal forms being constantly 
present in the intestine in large numbers, and well adapted to 


vigorous growth in certain well defined regions, would natur- 


ally be better able to appropriate any nutrient materials which 


had escaped resorption by the host than those forms which only 
occasionally invade the intestine. 

The various products of fermentation produced by these 
bacteria, especially the organic acids, are also held to be of 
very great importance in this same connection. 

Another and apparently an exceedingly important factor in 


this antagonism lies in the production by these organisms of 


definite toxin-like bodies, the "autotoxins"” of Conradi and 
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Kurpjuweit, which in some way clearly exert a restraining in- 
fluence upon the development of many bacterial species. 

These latter substances, which have been carefully stud- 
ied especially for Bacillus coli, by Hijkman, as well as by 
Conradi and Kurpjuweit and others, are regarded by these au- 
thors as mainly responsible for the familiar weakening and ul- 
timate death of bacteria in old cultures which was formerly 
held to be due chiefly to a gradual exhaustion of the nutrient 
materials, resulting in death by starvation. 

It was found by Eijkman, and later by Conradi and Kurpju- 
weit, that such an old and apparently exhausted culture could 
again be made to support growth by inactivating the toxins, as 
by heating to 60° C. or by filtering through porcelain, and 
that these same toxins were constantly present in normal feces, 


where they could be detected in very high dilutions, even as 


pe RN A A 


great as 1--10,000. 

These “autotoxins", as the name implies, affect the or- | 
ganism producing them as well as various other species, al- 
though, as is suggested by Conradi and Kurpjuweit, under normal 
conditions in the intestine the obligate species, as Bacillus 
coli, would doubtless develop a certain amount of immunity to 
their own poison which would not be shared by other transient 
forms. 


According to Kohlbrugge there is an "Auto sterilization" 


of the small intestine in man and the higher animals generally; 
and normally the bacteria which occur in this part of the di- 
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gestive tract are found only in the food masses, so that when 
the intestine is emptied the bacterial flora consequently dis- 
appears, leaving the empty intestine practically sterile. He 


also found that even after prolonged fasting the caecum, that 


portion of the digestive tract characterized by the greatest 
development of bacteria of the Bacillus coli type, always con- | 
tained quantities of this organism; and he insists that the i 


caecum and the vermiform appendix, instead of being the useless, 


ality of the greatest importance to the animal possessing them 
in functioning as a natural and safe culture place for a vast 


vestigial organsthat they are commonly considered, are in re- 
| 
reserve supply of the colon bacillus. 
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SUMMARY 


The caeca of the Heteroptera are apparently vestigial 


organs which are in process of elimination, and which have 


probably lost their digestive function. 


These apparently functionless, vestigial organs have 


become the seat of a remarkable bacterial infection which 


— 


ie 
is comparable in many ways ™ the well known infection by 


Bacillus coli of somewhat analagous organs in the higher 


vertebrates, and this infection is also transmitted regularly 


from generation to generation through the egg. 


As a result of this caecal infection in the Heteroptera, 


the development of other bacteria and protozoa which would 


naturally be expected to invade the alimentary canal of 


these insects is clearly inhibited; and not only are these 


forms restrained in their development, but they are apparently 


killed outright, so that the alimentary canal of these 


sterile F : 
insects is practically,except for the normal caecal bacteria. 


The caecal bacteria are apparently of no direct aid 


to digestion in the insects harboring them. 
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PLATE I 
Figure 1 
Peribalus limbolarius Stél.. 
Figure 2 | 
cis unicolor Pal. Beauv. 
(male) 
Figure 3 
Anasa tristis De G. 
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PLATE II 


Figure 1 
Myodocha 


serripes Oliv. 


S 
r 


Figure 2 | 


Pamera basalis Dallas 
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PLATE III 
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Figure 1 
Dysdercus st 


Figure 2 
Phlegyas 


PLATE IV 


Figure 1 


Peribalus limbolarius Stal. 


Figure 2 


Beauv. 


icolor Pal. 


Figure 3 


Podisus maculiventris Say. 
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Figure 1 
Figure 2 


PLATE V 
Fi 


gure 3 
Homoemus proteus Stal. 
so 


Blissus leucopterus Say. 
Qedancala donalis Say. 
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PLATE VI 


Figure 1 
Largus cinctus Schaeff. 


Figure 2~ 


Dysdercus suturellus Schaeff. 
. (male ) 


Figure 3 


Dysdercus puburetius Schaeff. 
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PLATE VII 
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Figure 1 


Figure 2. 
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Microtoma carbonaria 


Figure 3 
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PLATE VI1I 


Blissus leucopterus Say. 
(Caeca in normal position) 


Figure 2 


Blissus leucorterus Say. 
(intestine stretched to show grouping of caeca) 


Fig.l 
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